A frequency matrix of positive results for phena defined in a previous phenetic classification was constructed. A total of 329 physiological characters from 782 strains was taken as the basis for this identification matrix. The minimum number of diagnostic characters for the matrix was selected using computer programs for calculation of different separation indices (CHARSEP) and selection of group diagnostic properties (DIACHAR). The resulting matrix consisted of 52 phena versus 50 characters. Overlap of phena was found to be relatively small (OVERMAT program). Identification scores for the most typical hypothetical organism of each phenon was satisfactory (MOSTTYP program). The matrix was evaluated theoretically and practically (MATIDEN program). For members of major clusters and subclusters, e.g. Streptomyces albidoflavus, S. halstedii, S. griseus, S. fradiae, S. rimosus and S. albus, identification scores were high. Organisms of phena containing only small numbers of strains could be identified correctly, but with lower accuracy. The identification rate of the matrix (Willcox probability > 0.90) in the theoretical evaluation was 84.39%, and in the practical evaluation 78.12%.
Introduction
Current classification and identification of species within the genera Streptomyces and Streptoverticillium is based on the numerical taxonomic studies provided by Williams et al. (1983a) and Locci et al. (1981) . Because of the heterogeneity of strains grouped within one species, a correct identification is polythetic and can only be obtained by probabilistic methods. Three identification matrices (Williams et al., 1983b; Langham et al., 1989a) were constructed on the basis of the results of the numerical study of Williams et al. (1983a) for members of the genus Streptomyces. For identification of members of the genus Streptoverticillium, an additional probability matrix was provided (Williams et al., 1985) . Although these matrices were objectively constructed and technically sound, they depend on the numerical classifications ( 1 983 a) and currently classified within species category IV ) was also evaluated. The results of the study by Kampfer et al. (1991) further supported the view that strains placed in the genus Streptoverticillium, as described by Locci & Schofield ( 1 989), should be reclassified into the genus Streptomyces, which still seems to be overspeciated.
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Methods
Clusters. Details on the origins of strains and the composition of clusters were given by Kampfer et al. (1991) . The single-member clusters obtained in that study were not included in the matrix; the test results for these are given as a diagnostic table.
Some phena containing related strains and showing much overlap were regarded as one group. The minor clusters 51, 53, 54, 55 and 57, containing strains of Streptomyces ciolaceusniger and S. hygroscopicus, were joined. Cluster 30 (S. albus) was grouped with clusters 31 (S. cacaoi) and 32 (S. albus), with which it showed much overlap. Similarly, clusters 35 and 36, both containing strains of S . rimosus, were grouped together. Names of the clusters were adopted from the study of Kampfer et al. (1991) .
Selection of' the most diagnostic characters. Procedures for objective character selection have been described in detail by Sneath (1979b; 1980a, b) . These procedures have been successfully applied to streptomycetes in the studies of Williams et al. (1983b; and Langham et al. (1989a) .
The minimum number of characters was selected from the 329 characters used by Kampfer et al. (1991) . From the several separation indices provided by the CHARSEP program (Sneath, 1979b) , the VSP index (variance of separation potential) was chosen to find the best differentiating characters. Fifty characters were chosen for the matrix. The selected characters were assessed using the MOSTTYP program (Sneath, 1980b) , which provides the identification scores of the Willcox probability , the taxonomic distance and the standard error of the taxonomic distance for the hypothetical median organism of each cluster. The DIACHAR program (Sneath, 1980a ) was used to assess the chosen characters.
Determination of'characteristics in the matrix. Each strain was tested for 50 characters (Table 1) including carbon source utilization tests and qualitative enzyme tests using chromogenic substrates. Tests were performed in standard microtitration plates (Greiner, Nurtingen, FRG). All tests were read both visually and photometrically.
All strains were cultivated on glucose/yeast extract/malt extract agar (ii) Qualitatioe enzyme tests with chromogenic substrates. These tests were performed in filter-sterilized medium (pH 7-2) containing 0.05 MTris/HCl buffer and 0.05% (w/v) each of yeast extract (Oxoid) and biolactysate (bio-Merieux). Filter-sterilized solutions of the glycosidase substrates (p-nitrophenyl-linked substrates) were added at final concentrations of 2 mM. For L-valine-p-nitroanilide a concentration of 1 mM was used. I-'): KZHPO,. 1-74; KHZPO,, 1-36; (NHJZSO,, 5.0; MgSOj.7Hz0, Testing procedure. To obtain homogeneous suspensions for inoculation of the different test wells, all strains were cultivated in liquid GYM medium for 72 h at 28 "C. After growth, the cell agglomerates were mechanically homogenized using a sterile Ultraturrax (Jahnke & Kunkel, Staufen, FRG) for 1 min at 4000 r.p.m. From this homogenate, 100 pl aliquots were transferred to 5 ml of 0.9% (w/v) NaCl and each test well was filled with 50p1 of the bacterial suspension. Test plates were covered with plastic seals (Flow Laboratories) and incubated at 28 "C for 14 d. Test results were read photometrically with a Multiscan MCC340 photometer (Flow Laboratories). A carbon substrate utilization test was considered positive if A J l , (test) -A,I, (assimilation control) > 0.05, and a qualitative enyzyme test was considered positive if Ajl, (test) -A,,, (chromogenic substrate control) > 0.3. Because of the different growth characteristics of the strains, all test results were also checked visually.
Theoretical evaluation of'the matrix. The matrix was further evaluated using the OVERMAT program (Sneath, 1980c) , which calculates the probability of significant overlap between the phena. For each pair of groups, a disjunction index ( W) and a corresponding nominal overlap ( V G ) is calculated ranging from 1 for complete overlap to 0 for complete disjunction. The identification scores were calculated using the MATIDEN program (Sneath, 1979a) , which provides several identification scores for known and unknown strains of q taxa and m characters. Percentages in the matrix, with 0 changed to 1 and 100 changed to 99, are converted to proportions P,, for the ith character of taxon J. The character states of an unknown (u) are input and compared with each taxon in turn. Three identification coefficients were calculated.
1. Willcox probability (p) . This is the likelihood of u against taxon J divided by the sum of the likelihoods of u against all q taxa (L,,,). The nearer the score approaches to 1.0, the better is the fit of an unknown with a taxon in the matrix.
2. Taxonomic distance (4, which is given by ,'[C(u, -Pd)2/m]. This expresses the distance of an unknown from the centroid of the group with which it is compared.
3. The standard error of the taxonomic distance, which is given by the constant (c) in the equation d = a, + CS,,, where 2, is the mean distance of OTUs of taxon J from the centroid and s,, is the standard deviation of those distances. An acceptable score is less than 2.0 to 3.0, and about the half of the members of a taxon will have negative scores, indicating a stronger relationship to the centroid as the average. More details of these scores are given by Sneath (1979a) and Williams et al. (19836) .
The results of the Willcox probability p were grouped into different intervals (p > 0.99; 0.99 > p 2 0.90; 0.9 > p 2 0.8; 0.8 > p 2 0 . 5 ;~ < 0.5), and the highest and lowest values of the taxonomic distance and the standard error were calculated for each phenon. The MOSTTYP program (Sneath, 1980b) calculates the identification coefficients for the hypothetical median organism of each taxon in the matrix.
Practical evaluation of the matrix. The matrix was practically evaluated with 32 strains, all of them classified using the numerical survey of Williams et al. (1983a) . The test data were again assessed using the MATIDEN program.
Computing. All calculations were done on a personal computer (Compaq Deskpro 80386).
Composition of the matrix
The matrix (Table 1) consisted of 52 phena versus 50 tests, and included strains from both major and minor clusters obtained in the classification of Kampfer et a f . (1991) . For single-member clusters a diagnostic table is given ( Table 2) . The 50 tests which were able to differentiate between the phena (Tables 1 and 2 ) included 45 carbon substrate utilization tests and five qualitative enzyme tests using chromogenic substrates. Most characters showed VSP indices >30%, and thus exceeded the value of > 25% recommended by Sneath (1979 b). Scores ranged from 2 1.26 % (spermine utilization) to 67.01 % (a-D-raffinose utilization). Sums of diagnostic scores produced by the DIACHAR program ranged from 11-75 ( S . rochei) to 25.27 ( S . fragilis). The OVERMAT program showed a total of 80 overlaps (from 1431 possible) taking a 5% level and a confidence interval of P = 90. For the majority of major phena containing more than 10 strains, no overlap with other phena was observed. The theoretically best identification score for the most typical member of each phenon was calculated using the MOSTTYP program. Willcox probabilities for all phena containing two or more strains exceeded 0-999. Scores for taxonomic distances ranged from 0.184 (S. albidoflavus) to 0.308 (S. griseolus). Standard errors of the taxonomic distances were negative in most cases or achieved the score 0.05 for all phena containing only two strains.
A summary of scores obtained from the calculations of the programs CHARSEP, MOSTTYP, DIACHAR and OVERMAT is given in Table 3 .
Theoretical evaluation of the matrix
All 782 isolates were tested against the matrix and the identification coefficients of the MATIDEN program were calculated. The organisms were grouped into different intervals of the Willcox probabilities p obtained in these calculations (Table 4) . A total of 591 strains (75.57%) were identified with p > 0.99, 69 strains (8.82%) were identified correctly withp > 0.9, and 16 strains (2.04%) withp > 0.8. For 86 strains (10.99%) , the values for the Willcox probability ranged between 0.50 and 0.79, i.e. the correct identification result was shown, but with low Willcox probabilities. Twenty strains (2.55 %) were not correctly identified. The identification rate of the matrix (W illcox probability > 0-90) was 84.39 %.
Practical evaluation of the matrix
As with the theoretical evaluation, the Willcox probabilities obtained from 32 strains were assigned to different intervals. All of the isolates were grouped into the correct phenon, although some with low Willcox probabilities.
Twenty isolates (62.50%) were identified withp > 0.99, five (15.62%) with 0.99 > p 2 0-90, three (9.37%) with 0.90 > p 2 0430, and four (12.50%) with p < 0.80.
Strains of the phena S . albidoflavus, S . halstedii, S . griseus, S. fradiae, S. rimosus, S. albus and Streptoverticillium griseocarneum could be identified with Willcox probabilities > 0.999. Taking a minimum Willcox probability of 0.90 for correct identification, a total of 25 strains (78.12 %) were correctly identified.
Discussion
The use of numerical identification and the development of matrices for routine use has been successfully applied to various groups of bacteria. (1989a) for correct identification. However, as no differentiating characters were given for the use of two probability matrices defined for major and minor clusters (Langham et al., 1989a) , the use of two systems is still laborious. The use of a single matrix, with miniaturized tests, may be a more economical and less time-consuming alternative. However, although tests may be read photometrically, the results must also be checked visually, because of the different growth characteristics of the strains. Our matrix was based on the classification of Kampfer et al. (1991) , which encompassed many more strains than that of Williams et al. (1983a) , including those assigned to species category IV of Williams et al. (1989) . The identification rate of 78.12% for 32 strains taking a Willcox probability of 0.90 as the level for correct identification was satisfactory compared with the value of 77% obtained by Langham et al. (1989a) , who took a Willcox probability level of 0.85 for correct identification. This value is also in line with those obtained in other probabilistic systems, such as 70.8% for Gramnegative non-fermentative bacteria , 50.5% for some 'coryneform' bacteria (Hill et al., 1978) , 79.4% for vibrios (Dawson & Sneath, 1985) , 89.2% for Gram-negative fermentative bacteria (Holmes et al., 1986) and 70% for bacilli (Priest & Alexander, 1988) .
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As pointed out by Sneath (1979b) , the Willcox probability is a Bayesian coefficient and the score is expressed as a proportion of the sum of the antilogarithms for all groups. It can occasionally happen than the unknown does not belong to any group of the matrix, but fits to one group better than the other alternatives, because the normalizing step L,,/zq L,, gives the first alternative a score closer to 1.0 (Sneath, 1979a) . The poor fit is indicated by numerous 'character against' scores, which have to be checked, as indicated by Langham et al. (1989b) . On the other hand, the use of the taxonomic distance and the standard error of the taxonomic distance is not deceptive, if the true group to which the unknown belongs is not in the matrix, because the scores will be large. The criteria for a successful identification are thus a Willcox probability greater than 0.90 with low scores for taxonomic distance and its standard error; and 'characters against' scores should be zero or few (Williams et al., 1983b) .
The problems of streptomycete identification shown by the low Willcox probabilities for several strains (Table 4) are largely a reflexion of the difficulties in streptomycete taxonomy. We did not include morphological or pigmentation characteristics, because it is generally accepted that more than one category of spore chains can be observed in the same species and the distinction between Retinaculiaperti and Spirales is not clear (Williams & Wellington, 1980; Williams et al., 1989) . The determination of the colour of the spore mass is also not easy (Kutzner, 1981) , and especially with respect to spore colour and other morphological criteria, our study supports the view of Williams et al. (1983a) that these traditional characters, which are often difficult to determine (Williams & Wellington, 1980; Kutzner, 198 l) , are inadequate for classification and earlier studies to be characters with great differentiation potential. The utilization of sucrose, L-arabinose, iinositol, mannitol, rhamnose and raffinose were recommended as an aid to species differentiation in the International Streptomyces Project (Shirling & Gottlieb, 1966; 1968a, b; and these tests have been used in several identification schemes (Szabo et al., 1975; Kuster, 1972; Nonamura, 1974; Pridham & Tresner, 1974) , including automated identification systems (Gyllenberg et al., 1975) . These tests were also used in the probability matrices of Langham et al. (1989a) , who found that the utilization of melibiose was an additional differentiating character. The utilization of organic acids such as malonate for identification purposes was recommended by Nitsch & Kutzner (1969) .
The use of qualitative enzyme tests for differentiation of streptomycetes was proposed by Goodfellow et al. (1987) , who used growth-independent tests of the hydrolysis of methylumbelliferyl-linked substrates to differentiate between selected strains from the species and species-groups defined by Williams et al. (1983a) .
Recently, quantitative chemotaxonomic methods have been applied to some species of the genus Streptornyces (O'Donnell, 1988) , but the differentiation potential of quantitative fatty acid data at the species level is still questionable (Saddler et al., 1987) .
It must be emphasized that streptomycete taxonomy is still developing. The phenetic diversity of streptomycetes is a major problem, and is the main reason for the large number of tests needed for species identification. Despite these problems, there is no alternative to a computer-assisted, numerical identification procedure for an objective assignment of an unknown streptomycete strain to a polythetically defined species. Based on the thesis that good classification is a prerequisite for accurate identification (Hill, 1974; Goodfellow, 1986) , it is still necessary to use genetical methods on a large number of strains to confirm the taxonomic position of the numerically defined species.
